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Abstract
This study examined the subjective disappearance of a visual object induced by a neighboring Xickering ring (Experiments 1 and 2), a
set of four Xickering dots (Experiment 3), and apparent motion (Experiment 4) as Xickering Xankers. Observers were asked to report
whether a target disappeared during 10 s of stimulus presentation. We used the proportion of disappearance as a measure of performance.
Interestingly, subjective disappearance was rarely observed when Xickering Xankers were presented with a separation of less than 0.5°
from the target. However, disappearance was observed when dynamic random-dot patterns were presented with a separation of less than
0.5° from the target border (Experiment 5). Our results indicate that the Xicker of Xankers near the target disturbs target adaptation or
attentional inhibition, causing persistent target representation in higher-order object selection, and resulting in non-disappearance of the
target.
© 2006 Elsevier Ltd. All rights reserved.
Keywords: Visual attention; Awareness; Flicker1. Introduction
Awareness of a visual target is easily lost when other
competing objects are presented around it. Several compel-
ling phenomena involving such subjective disappearance of
visual objects have been reported; for example, crowding
(He, Cavanagh, & Intriligator, 1996; Parkes, Lund, Angel-
ucci, Solomon, & Morgan, 2001), monocular rivalry
(Campbell & Howell, 1972; Maier, Logothetis, & Leopold,
2005), time-locked transient fading (Kanai & Kamitani,
2003; Kanai, Kamitani, & Verstraten, 2004), and motion-
induced blindness (Bonneh, Cooperman, & Sagi, 2001).
Here, we newly employed Xickering Xankers nearby the tar-
get to examine whether disturbance of target adaptation
could impact the occurrence of subjective disappearance of
the target.
Target adaptation is known to be essential for the sub-
jective disappearance of a target. In Wxating on a central
symbol, observers often experience gradual disappearance
of a peripheral target against a uniform background, the so
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doi:10.1016/j.visres.2006.10.026called Troxler eVect (Troxler, 1804). Background with
dynamic textures generally also facilitates target disappear-
ance, accompanied by perceptual Wlling-in of the target
position with the dynamic texture (De Weerd, Desimone, &
Ungerleider, 1998; Ramachandran, Gregory, & Aiken,
1993; Spillmann & Kurtenbach, 1992). In both cases, target
adaptation occurs due to retinal stabilization of a target
image, leading to the spread of features in the dynamic tex-
ture of the target location.
Recently, Bonneh et al. (2001) reported a striking phe-
nomenon referred to as motion induced blindness (MIB;
Carter & Pettigrew, 2003; Funk & Pettigrew, 2003; Graf,
Adams, & Lages, 2002; Hsu, Yeh, & Kramer, 2004; Hsu,
Yeh, & Kramer, 2006). In a typical MIB stimulus, the tar-
get is embedded within dynamic random dots. Dissimilar
from the perceptual Wlling-in with a dynamic texture
described above, in MIB, the target suddenly vanishes
from visual awareness, and this disappearance continues
for a few seconds.
Several suggestions have been made to account for
MIB. The adaptation of target border detectors seems to
be a shared mechanism between dynamic texture fading
and MIB (Hsu et al., 2006). On the other hand, attentional
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(Bonneh et al., 2001), surface formation by dynamic ran-
dom dots that trigger an occlusion-like mechanism (Graf
et al., 2002), interhemispheric switching (Funk & Petti-
grew, 2003), and a mechanism similar to perceptual Wll-
ing-in (Hsu et al., 2004) have been raised as possible
explanations for MIB. SpeciWcation of the underlying
mechanism of MIB is therefore the next step in future
research on MIB.
This study examines the subjective disappearance of
visual objects induced by Xickering Xankers, to see whether
disturbance of target adaptation can cancel out subjective
disappearance of the target. Here, ‘Xickering Xankers’ refer
to the periodic onset and oVset of Xankers. Our hypothesis
is that subjective disappearance will be canceled out as a
result of disturbance of target adaptation induced by peri-
odic visual change near the target, because it is likely that
the Xicker will cause periodic on–oV responses of luminance
edge detectors working on the target edges.
In previous studies, dynamic textures, which cause
continuous visual changes in abutting contact with the
target, caused subjective disappearance of the target (De
Weerd et al., 1998; Ramachandran et al., 1993; Spillmann
& Kurtenbach, 1992). However, it is important to note
that the texture border itself is, in a sense, static; in other
words, no change in border properties such as visibility,
position, and shape occurs at the texture border even
though continuous visual changes occur in surface con-
tent (i.e. the spatiotemporal position of each random
dot). In the present study, we introduced a Xicker to
Xankers surrounding the target and examined whether
periodic on–oV Xickers disturb target adaptation, thereby
reducing the frequency of subjective disappearance of the
target.
We investigated the validity of our hypothesis in Wve
experiments. In Experiments 1 and 2, we examined sub-
jective disappearance of the target with a Xickering ring,
showing that it was rarely observed with small spatial
gaps (less than 0.5°) between the target and Xickering
ring. In Experiments 3 and 4, we respectively examined
subjective disappearance using four Xickering dots and
an apparent motion path, respectively, revealing spatial
proWles similar to those in Experiments 1 and 2. Finally,
in Experiment 5, we showed that dynamic random dots
contribute to subjective disappearance when the gap
between the target border and dynamic random dots Weld
was small (less than 0.5°). Consequently, we suggest that
disturbance of target adaptation is an important factor in
reducing the subjective disappearance of a target.
2. Methods
2.1. Observers
Except for the author (T.K.), all observers were naive as to the speciWc
purpose of this experiment. All had normal or corrected-to-normal visual
acuity. The speciWc number of observers is indicated under the results for
each experiment.2.2. Apparatus
Stimuli were presented on a 19-inch CRT display (FlexScan761T,
Nanao, Japan) with a resolution of 1024 £ 768 pixels where one pixel sub-
tended 0.034° of visual angle, and a vertical refresh rate of 75 Hz. A PC
(VAIO, SONY) was used to control presentation of stimuli and collection
of data.
2.3. Stimuli
In general, the stimuli consisted of a target, a Wxation symbol, and
Xickering/static Xankers against a dark background with a luminance of
1.73 cd/m2. The target was a green [CIE xyY(0.317, 0.551, 105)] circle with a
radius of 0.2°, presented at an eccentricity of 5.44° (in Experiment 4, the
eccentricity was methodically modulated). The Wxation symbol was com-
posed of orthogonal lines each of which was 0.6° £ 0.1°, and located in the
center of the display. The color of the Xanker was red [CIE
xyY(0.584, 0.346, 26)]. The stimulus properties of the Xankers were depen-
dent on the type of Xankers, and are described later. Although the Xankers
were always centered on the target, they did not overlap with each other.
2.4. Procedure
Participants observed the stimuli at a distance of 57 cm from the dis-
play. A chin-head rest was used to stabilize their visual Weld. A stimulus
was presented after participants pressed the spacebar. Participants were
asked to maintain their gaze on the Wxation symbol, and instructed to pay
attention to the target without changing their gaze. They were required to
press and hold an assigned key when the target became invisible, and
release it when it reappeared. The duration between key press and key
release was recorded as the disappearance duration. Participants were
informed that the Xanker was irrelevant to the task and could be ignored.
After key release, or after 10 s having elapsed, the stimulus was replaced
with a black blank Weld. The next trial began after participants once again
pressed the spacebar. In each experiment, the order of stimulus presenta-
tion was completely randomized within and between observers. In all
experiments, for each condition, 10 repetitions were made.
3. Results and discussion
3.1. Experiment 1: Basic eVect
In Experiments 1–4, we conWrmed whether a Xickering
ring could serve as an inducer of subjective disappearance
phenomena. In Experiment 1, a target was presented
together with a Xanker composed of a Xickering or non-
Xickering ring at a temporal frequency of 9.38 Hz (Fig. 1a).
The gap size between the target boundary and ring’s inner
boundary was 1.36°. Four observers including the author
(T.K.) were tested.
The results are shown in Fig. 1b. With the fractions of
disappearance, which were averaged across observers, we
conduced a t-test, showing that the target disappeared more
often in the Xickering than non-Xickering conditions,
t(3) D 4.52, p < .02. The results indicate that mere Xicker of
Xankers can cause disappearance of the target.
3.2. Experiment 2: Gap size modulation
As described in Section 1, the goal of this study was to
investigate whether the Xicker of Xankers in abutting con-
tact with a target could disturb subjective disappearance of
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Fig. 1. (a) A schematic explanation of the stimulus presentation used in Experiment 1. (b) The results of Experiment 1. Error bars denote standard errors
of the mean.between the target and inner boundary of the Xickering
ring. We varied the gap size across seven levels: 0°, 0.32°,
0.68°, 1.36°, 2.04°, and 2.72°. The temporal frequency of the
Xicker was Wxed at 9.38 Hz. Six observers including the
author (T.K.) were tested.
The results are shown in Fig. 2. With the fraction of dis-
appearance calculated for each observer, we conduced one-
way analysis of variance (ANOVA), and showed that the
main eVect of the spatial gap was signiWcant,
F(5,25) D 25.416, p < .0001. Multiple comparison tests also
showed that the fraction of disappearance was signiWcantly
larger when the gap size exceeded 1.02° than when below
0.68° (p < .05). Moreover, there was a signiWcant diVerence
between 0.34° and 0.68° (p < .05).
The results showed that disappearance occurs when
optimal gap sizes between the target and Xanker were given.
Interestingly, disappearance was not observed when the
gap size was zero. This outcome is unique in comparison
with other disappearance phenomena in previous studies,
which reported that the disappearance was strongest when
visual transients were presented without spatial separation
from the target (Bonneh et al., 2001; Breitmeyer & Rudd,
1981; Kanai & Kamitani, 2003; Wilke, Logothetis, & Leo-
pold, 2003). The counterintuitive results in this experiment
Fig. 2. The results of Experiment 2. Error bars denote standard errors of
the mean.get adaptation, thereby protecting the target against disap-
pearance.
3.3. Experiment 3: Was this phenomenon due to a common 
boundary shape?
In the above experiments, both the ring and the target
had a common circular boundary and, because of this, the
Xicker of the ring might have facilitated processing of the
target boundary when no spatial gap was assigned. To rule
out this possibility, we employed a four-dots Xanker (each
dot subtended 0.2° £ 0.2°) with a dissimilar boundary shape
(i.e. linear edges and corners), and examined its eVect on
disappearance as a function of gap size between the edge of
the target and the Xanker (Fig. 3a). Six observers including
the author (T.K.) participated in this experiment.
The results are shown in Fig. 3b. The proportion of dis-
appearance was calculated for each observer as a function
of gap size and analyzed with one-way ANOVA. The main
eVect of gap size was signiWcant, F(5,25) D 11.760, p < .0005.
Multiple comparison tests also showed that the fraction of
disappearance was signiWcantly larger when the gap size
was 1.06° compared to 0.34°, 1.7°, and 2.04°, and when it
was 0.68° and 1.36° compared to 0.34° and 2.04°.
The results show that even the four-dots Xanker hin-
dered disappearance of the target when no spatial gap was
given, suggesting that the facilitation of boundary process-
ing is not the origin of non-disappearance of the target in
the absence of a spatial gap, because the boundary of the
four-dots Xanker was dissimilar to that of the target.
3.4. Experiment 4: Is motion perception critical?
Here, we tried to determine the relationship between
MIB and Xicker-induced blindness. In a typical MIB stimu-
lus, random-dots with smooth and continuous motion are
employed as an inducer. Moreover, subjective disappear-
ance of the target is strongest in MIB when no spatial gap
exists between the target and dynamic random-dots Weld. It
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absence of motion perception: the Xickering Xankers
employed in our study never invoked motion impression.
To explore this possibility, we utilized an apparent motion
display in which two discrete spatial positions were alter-
nately Xashed (Fig. 4a). In observing this kind of stimuli,
the periodic movement of Xashes is perceived. We can
simultaneously control the magnitude of spatial gaps
between the target and apparent motion tokens. That is, we
were able to examine disappearance caused by apparent
motion as a function of separation between tokens of the
apparent motion display. Five observers including the
author (T.K.) were tested.
The results are shown in Fig. 4b. The fraction of disap-
pearance was calculated as a function of separation
between the target’s edge and token’s edge as described in
Fig. 4a, and was submitted to one-way ANOVA. The main
eVect of separation was signiWcant, F(5,20) D 7.568, p < .05.
Multiple comparison tests showed that the fraction of dis-
appearance was signiWcantly larger when the gap size was
0.68°, 1.02°, or 1.36° compared to 0.34° and 2.04°.
The results showed that the spatial proWles were simi-
lar between apparent MIB and the Xicker-induced blind-
ness in the previous experiments. Thus, we suggest that
the eVect of spatial gaps the subjective disappearance wasperception.
3.5. Experiment 5: The eVect of dynamic random dots near 
the target
As described above, dynamic random dots in abutting
contact with the target strongly induced subjective disap-
pearance (Bonneh et al., 2001; Wilke et al., 2003). These
results are not compatible with those of our previous exper-
iments. We suspected that this discrepancy originated from
the diVerent types of stimuli employed. SpeciWcally, in the
above studies, the boundary of the inducing region was
motion-deWned while in our experiments it was Xicker-
deWned. Here, we inferred that the Xicker caused distur-
bance of target adaptation possibly by causing periodic on–
oV responses of the target detector. On the other hand, the
motion-deWned boundary did not cause disturbance
because it was thought to have caused a sustained response
of target detector. To examine this, we again employed the
four-dots Xanker used in Experiment 5; however, in this
experiment, random dots were moved within the surface of
the four-dots stimulus without Xickering. Movement of the
random dots, which had a speed of 7°/s, was randomly
determined in each trial in a leftward or rightward direc-Fig. 3. (a) A schematic explanation of the spatial gap between the target and Xanker. (b) The results of Experiment 3. The error bars denote standard errors
of the mean.Fig. 4. (a) A schematic explanation of the spatial gap between the target and Xanker. (b) The results of Experiment 4. The error bars denote standard errors
of the mean.
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within the Weld was 50%. Four people including the author
(T.K.) participated in this experiment.
The results are shown in Fig. 5. The fraction of disap-
pearance was calculated as a function of separation
between the four-dots stimulus and target edge as described
in Fig. 3a, and was submitted to one-way ANOVA. The
main eVect of separation was signiWcant, F(5,15) D 14.181,
p < .0001. Multiple comparison tests also showed that the
fraction of disappearance was signiWcantly larger when the
gap size was 0.34°, 0.68°, 1.02°, or 1.36° compared to 2.04°
and 2.72°. In favor of our hypothesis, the results show that
dynamic random dots presented without spatial separation
from the target strongly cause subjective disappearance of
the target, suggesting that a motion-deWned boundary
might cause a sustained response around the target; hence,
preventing cancellation of target adaptation.
4. General discussion
The present study examined how Xickering Xankers near
a target aVect awareness of the target, revealing that it
depends on the gap size between the target and Xanker
edges. When Xickering Xankers were presented near the tar-
get (less than 0.5° of gap size), they disturbed target disap-
pearance. On the other hand, when the gap size between the
target and Xanker edges was optimal (more than 0.5° and
less than 2°), target disappearance occurred.
We suggest that disturbance of target disappearance by
Xickering Xankers stemmed from the cancellation of target
adaptation. In previous studies, it has been suggested that
subjective disappearance phenomena originate in target
adaptation (De Weerd et al., 1998; Hsu et al., 2006; Troxler,
1804). Especially, Wilke et al. (2003) proposed an interest-
ing idea that target adaptation hinders the integration of
feedforward signals of the target with feedback signals
from a higher cortical processing stage. Recently, this idea
was supported by neuropsychological evidence (Klotz &
Ansorge, 2006). Our results are in line with the idea pro-
posed by Wilke et al. (2003): the disturbance of target adap-
tation as a result of the Xickering Xankers might preserve
Fig. 5. The results of Experiment 5. Error bars denote standard errors of
the mean.the integration of feedforward signals of the target with
feedback signals from higher order processing.
On the other hand, a recent study questioned the
involvement of target adaptation: Hsieh, Caplovits, and
Tse (in press) recently showed that MIB is not due to sen-
sory adaptation. They measured the rate of microsaccades
during target disappearance/appearance in MIB and Trox-
ler fading, and showed that there was no correlative rela-
tionship between the MIB and microsaccades, though there
was between Troxler fading and the microsaccades. This
indicates that early sensory adaptation (i.e. adaptation of
boundary detectors) is not involved in MIB.
In addition to sensory adaptation, the role of sustained
attention in MIB is also of relevance. A recent study
showed that target identiWcation was hindered when
observers endogenously attended a target location for
longer than 2–6 s (Ling & Carrasco, 2006). They further
suggested that inhibition caused by sustained attention may
be involved in perceptual fading (Lou, 1999). Similarly, it is
possible that MIB is also related to localized inhibition of
visual processing.
In line with the idea of attention involvement, Kawabe,
Yamada, & Miura (in press) showed that subjective disap-
pearance of an object due to MIB could be released by a
transient cue near the target. In their study, the target reap-
peared when the transient cue was presented with a separa-
tion of less than 1° from the target. They suggested that the
transient cue guided attention around the target. In the pres-
ent study, target disappearance was hindered when separa-
tion between the target and Xankers was less than 0.5–0.7°.
Regardless of whether sensory adaptation or attentional
inhibition is involved in MIB, it seems that a reduction of
lower-level signals is involved. When the target is Wxed at the
periphery for a while, activity for the target at a lower process-
ing level is likely to be reduced due to sensory adaptation or
attentional inhibition. This gradually weakens the integration
between the feedforward and feedback signals (Wilke et al.,
2003). On the other hand, since adaptation of high-contrast
Xickering Xankers is unlikely to occur so quickly (Schieting &
Spillmann, 1987), or since a high contrast object may draw
observers’ attention, the integration of feedforward with feed-
back signals for Xankers is preserved. Consequently, it seems
that a target without integration is excluded from visual
awareness, yet the Xankers being attended are included.
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